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CHAPTER I 
INTRODUCTION 
One of the major problems in coniferous nurseries is diseases 
resulting in death of the young seedlings. The most serious of these 
diseases is commonly known as "damping-off" or "plant wilt". 
Damping-off is considered the most destructive disease in conif­
erous seedbeds. It occurs under many different climatic conditions and 
geographic situations. It is caused by a large number of soil born 
fungi. Host of the coniferous species grown in the United States are 
susceptible, to varying degrees, to the damping-off pathogens. 
Damages in the seedbeds caused by these pathogens vary consider­
ably 5 in some severe cases of infection complete destruction of all 
seedlings occurs. This, of course, will increase the cost of seedling 
production, and will confuse the schedules for planned projects. 
Application of fungicides is a widely used method of control in 
the coniferous nurseries. A great variety of fungicides under various 
trade names are used at present for this purpose. Of these, Captan 
and Arasan are known to be effective in controlling damping-off of 
different plant species. Most of these fungicides are applied either 
as spray or directly to the soil. 
In this experiment, four commercial fungicides, Captan 50, 
Captan 75* Arasan 75 and Terraclor, were applied to the seed of pon-
derosa pine (Pinus ponderosa var. scopulorum)„ Douglas-fir (Pseudotsuga 
menzeisii var. glauca), and Colorado blue spruce (Plcea pungence). 
1 
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The soil was inoculated with the fungi Pythium debaryanum, Rhizoctonia 
solani^ and Fusarium solani as the causal agents of the disease. 
The main objective of the stucfy was to determine the effective­
ness of the tested fungicides on controlling damping-off in the seedbed 
of the above forest tree species| in the meantime to determine the 
differences between the effect of different fungicide treatments. 
The experiment was conducted in the greenhouse of the School of 
Forestry from March 2, 1963 to May 22, 1963. 
CHAPTER II 
REVIEW OF THE LITERATURE 
Damping-off was first observed in the coniferous seedbeds in 
Germany as early as the eighteenth century. In the United States the 
disease was first studied by Spaulding (Touny, 192U)„ It was believed 
that the pathogens had been introduced to the United States, but Clif­
ford (1911) reported that they were probably native to this country. 
In the early days, damping-off was a common name applied to 
dying and destruction of young seedlings in the seedbeds regardless of 
the nature of the causal agents because of the similarity of symptoms. 
Later investigations have shown damping-off is caused by a large group 
of pathogens found in soil. 
Hartly, Merrill, and Rhoads (1918) are among the early workers 
who studied damping-off, and they define it as ". , - all cases of 
death and early decay of seedlings less than 2 months old, resulting 
primarily from fungus invasion." 
The infection of the seedling occurs when the tip of a hypha 
enters the stem or any other part through the epidermis. The fungus 
secretes an enzyme dissolving the epidermal tissues and enters the host 
plant. The normal green color changes to lighter or darker green, the 
tissues become water soaked and flaccid, and the seedling eventually 
dies (Grifford, 1911 j Roth and Riker, 19U3). 
3 
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Causal Organisms 
A great deal of work has been done to determine the organisms 
responsible for damping-off. From intensive studies in the green­
houses and laboratories, many investigators have successfully isolated 
causal organisms from damped off seedlings. Others have succeeded in 
producing symptoms of the disease by inoculating plants with certain 
organisms. 
Results of the previous studies show that a large group of soil 
fungi are capable of causing damping-off. Those species belong to the 
genera Fythium, Rhizoctonia, Fusarium, Botrytis, Verticullium, Altera-
noria and Fhytophthora. In the United States species of Fythium, 
Rhizoctonia, and Fusarium are found to be the predominant pathogens in 
the coniferous nurseries. The most important of these are Fythium 
debaryanum, Rhizoctonia solani, and Fusarium solani. These fungi are 
not specific in their parasitism and have a wide range of host plants, 
including both cultivated and non-cultivated. Often, more than one 
fungus is found on a single host plant. The most common fungi asso­
ciates are species of Fusarium, firbhium, Rhizoctonia, and Alteranoria 
(Hartley and Pierce, 1917; Stakman, 1932j Waint, 1929; Gravatt, 1931; 
Kailiods, I960). 
Classification of Damping-off 
Damping-off may occur soon after the radical has emerged from 
the seed coat until the seedling is several weeks old. Therefore, 
classification of the disease is according to the stage in which the 
seedlings are infected. 
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1. Pre-emergence damping off* 
Pre-emergence damping-off is sometimes called germination 
losses. The fungi attack the radical of the seedling soon after they 
emerge from the seed coat and before appearance of the seedlings above 
the soil surface, resulting in their death. Fungi associated with 
this type are firthium spp., and Rhizoctonia spp. (Hartly, Merrill, and 
Rhoads, 1918j Foster, 1959; and Tint, 19U5). 
2. Post-emergence damping-off. 
Post-emergence, or normal damping-off, occurs when the fungi 
attack the succulent seedlings after their emergence above the surface 
of the soil. The lower parts of the stem at the ground level or a 
short distance below this line are infected, while the upper parts of 
the stem and the roots are sound. The parasite spreads rapidly, the 
invaded tissues decay, become water soaked and flaccid, and are no 
longer able to support the upper portion of the plant. The seedling 
subsequently topples over and dies. These are the typical symptoms in 
normal damping-off. The fungi believed to be associated with this type 
are fythium debaryanum, Fusarium ventricosum, Rhizoctonia so., and 
several others (Foster, 1959; Hartley, Merrill, and Rhoads, 1918; and 
Tint, 191*5). 
Seedlings are subject to this type of damping-off after their 
appearance above the soil surface and until they are several weeks old. 
The most critical period is during the first four weeks after germina­
tion. The highest mortality occurs when the seedlings are 11 to 13 days 
old. Thereafter, the resistance of the host plant to the disease 
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increases with increasing age (Hartly, Merrill, and Rhoads, 1918; Roth 
and Riker, 19U3; and Davis, 19Ul). 
3. Late damping-off. 
This type of the disease is caused by the same fungi respons­
ible for normal damping-off. Roots of seedlings several weeks old, 
whose stems have developed wooden tissues, are attacked by the fungi. 
In most cases, the young portions of the roots are infected. The in­
fected seedlings remain erect, dry up and turn brown, and in some cases 
even shed their leaves before the stems finally fall over. The symptoms 
of this type are very similar with those of drought injury (Hartly, 
Merrill, and Rhoads, 1918). 
Lu Damping-off of tops. 
Fungi attack the upper parts of the stem while the lower parts 
and the roots remain sound until after the death of the infected parts. 
Damping-off of tops is common under moist atmospheric conditions and 
believed to be caused by Fusarium sp. and possibly Pythium debaryanum. 
It is less common than the other types of damping-off (Hartly, Merrill, 
and Rhoads, 1918). 
Because of the similarity of the symptoms of the late damping-
off and damping-off of tops and difficulties in distinguishing them, 
some of the researchers consider all losses as normal damping-off. In 
this respect Hartly, Merrill, and Rhoads (1918) suggested that, "It is 
therefore easiest to consider all the troubles during the first two 
months as damping-off without trying to mark any of the intermediate 
stages of distinct disease." 
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As a general rule damping-off is classified ass (l) pre-emergence 
damping-off, or germination losses, and (2) post-emergence or normal 
damping-off, or seedling losses during the first two months after germ­
ination (Hartly, 1918; Foster, 1959). 
Factors Influencing Damping-off 
A considerable number of factors influence directly or indirectly, 
the occurrence and development of this disease. They can be classified 
as environmental and non-environmental factors. 
1. Environmental Factors. 
a. Temperatures It has been shown that all damping-off fungi 
do not respond similarly to changes in temperature. Rhizoctonia 
spp. and firthium spp. grew satisfactorily at temperature between 
18°C. and 3U°C. with the best growth at 28° C., while Fusarium spp. 
are less affected by changes in temperature. Warm temperatures are 
generally considered to favor either the amount of damping-off or 
its rate of appearance (Roth and Riker, 19lt31 Kailiods, I960). 
b. Moisture; It is commonly assumed that high soil moisture 
and air humidity favor damping-off. In general, but not always, 
heavy watering increases the amount of damping-off. It has been 
found that lythium damping-off increased steadily with increase of 
the soil moisture, while Rhizoctonia damping-off increased gradu­
ally to a point (68 per cent of capacity) and then declined (Roth 
and Riker, 19h3$ Hansen, 1923). 
c. Soil reaction and nutrients? It has been known for a long 
time that damping-off losses are greater in alkaline than in acid 
soils. The effect of soil pH on damping-off has been studied by 
8 
several investigators; it has been shown that in general damping-
off decreases when the soil pH is 5.5 or lower and increases in 
soil with pH 7 or higher, firthium spp. grew satisfactorily under 
pH conditions of 1*.5 to 8.5 with best growth resulting at 5.5 to 
6.5. Rhizoctonia spp. grew satisfactorily in a pH range of 3.5 to 
8.5 with the optimum occurring at 5.0 to 6.5. Fusarium spp., how­
ever, were less affected by the pH of the soilj they grew in soils 
with pH values ranging from 2.1* to 9.0 with the optimum at 6.0 
(Hartley, 1917; Gifford, 1911; Jackson, 19l*0; Kailiods, I960; Roth 
and Riker, 191*3; Tint, 191*5). 
Excess or shortage of certain elements in the soil directly 
affects the host plant. Calcium deficiency produces weak seed­
lings and extends the hardening period during which the seedlings 
are more exposed to fungi invasion. Deficiency of other fundamental 
elements, potassium, phosphorus, sulphur, and magnesium, are be­
lieved to cause greater damping-off. On the other hand, excessive 
amounts of nitrogen stimulate the vegetative growth, producing 
succulent seedlings more susceptible to fungi infection (Tint, 
191*5; Foster, 1959). 
2. Non-environmental Factors. 
a. Cultural practices; Improper cultural practices in the 
nursery is considered as an important factor. This includes time 
of sowing, seedbed density, thickness of seed-cover, and shading 
the seedbeds. 
Damping-off is greater in spring-sown seedbeds than fall or 
summer sowings. Seedbeds having thick cover (the seeds were sown 
deep) showed greater damping-off than seedbeds with thin covers. 
Density of the seedbed is another factor influencing damping-off; 
damages from the disease are greater in dense and over-crowded 
seedbeds. Beds not receiving sufficient light also seem to suffer 
greater losses (Hartly, 1917; Hansen, 1923; Davis, 191*1). 
b. Age of the seeds The relation between the age of the seed 
sown and percentage of losses caused by damping-off in the seedbeds 
was studied by Davie (l9l*l). He found seedlings from two year old 
seed were subjected to losses by the disease more than seedlings 
from the current year's collection of seed. 
c. Mechanical injuriess In an experiment by Roth and Riker 
(191*3), both sound and injured seedlings were exposed to damping-
off fungi infection. They reported that the injured seedlings 
suffered damping-off losses 50 per cent higher than the uninjured 
ones. 
Control of Damping-off 
Controlling damping-off in seedbeds has been considered for a 
long time as an essential practice in nursery procedures. A great deal 
of work has been done by numerous investigators in different countries 
to determine the most successful methods of control. The fact that 
most of the coniferous species are infected with this disease, the 
large number of organisms capable of causing it, and the many environ­
mental and non-environmental factors influencing intensity of losses, 
and the interactions of these factors, make the problem complicated 
and control difficult. Through the results of very many experiments 
on different species, several methods have been recommended, such as 
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proper cultural practices, steam sterilization of the seedbeds, and 
application of fungicides, as effective methods of control. 
In addition to proper cultural practices, the most widely used 
method at present is application of fungicides. A great variety of 
fungicides under various commercial names are used either as soil 
treatment or directly on the seed. Many of these have been found to 
be effective against damping-off fungi, and satisfactory results can 
be obtained through their use. The most effective fungicides for con­
trolling damping-off are those containing Thiram or Captan or closely 
related compounds. 
Arasan is widely used in nurseries both as soil treatment and 
as seed protectant, and has shown to be effective against damping-off 
fungi and is not toxic to the seedlings (Cokerill, 1959, 196l; Cram, 
1955; tabonte, 1959; Vaartaja, 1956; Charles, 1959; Shea, 1959). 
Captan has shown to be a promising fungicide, if it is applied 
in proper amounts; a heavy rate of application may be toxic to seed­
lings (Vaartaja, 1956; Kohler, 1955; Cokerill, 1959; Cram, 1955; 
tabonte, 1959). 
Terraclor is a new fungicide introduced in recent years, and 
may be used as seed treatment, soil treatment, or spray in mixture 
with water. Terraclor is found to be most effective against Rhizoc­
tonia solani than against Fythium spp. and it does not have any 
phytotoxic effect on pine seedlings. However, this is a new fungicide 
and not much is known about it at the present (Gibson, Ledger, and 
Boehn, 1961). 
CHAPTER III 
MATERIALS AND PROCEDURE 
I. MATERIALS 
Soil 
The soil was obtained in the fall of 1962 from the University 
Forest Tree Nursery and stored in the greenhouse until needed. 
Seed 
Seeds of the three species, ponderosa pine (Pinus ponderosa 
scopulorum), Douglas-fir (Pseudotsuga menzeisii)9 and Colorado blue 
spruce (Picea pungens), were obtained from the University Forest Tree 
Nursery. Their origin is as indicated belows 
a. Ponderosa pine was from the collection of the summer seed-
crop of 1962, cones were collected from Missoula County, Montana, 
at elevation between 3500 to 1*000 feet. 
b. Colorado blue spruce was from the collection of the summer 
seed-crop of 1962. It was collected from the Mount Forest, Utah. 
c. Douglas-fir cones were collected from the Lubrecht Experi­
mental Forest in Blackfoot drainage, Montana, 
Fungicides 
Four commercial fungicides were used in the experiment. These 
were Captan 50, Captan 75, Arasan 75, and Terraclor. They were fur­
nished by the University Forest Tree Nursery and are discussed below? 
11 
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a. Captan 50. The common name of this fungicide is Captan and 
its chemical name is N-trichloromethylmercapto-U-cyclohexene-1, 
2-dicarboximide, or N-trichloromethylthiotetrahydrophthalimide. 
The empirical formula is C^Hg02HS.CI^. In trade, Captan is known 
under various names, such as Orthocide Grand Fungicide, Orthocide 
50, Captan I*0W, Orthocide 75 wettable, etc. It is a petroleum by­
product, found and developed in the Esso Laboratory of the Standard 
Oil Company. Captan 50 contains 50 per cent of the active fungi­
cidal ingredient. 
b. Captan 75. This fungicide has properties of Captan 50 with 
the only difference that it contains 75 per cent of the active 
fungicidal ingredient. 
c. Arasan 75. The common name is Thiram, known under various 
commercial names, such as Terasan, TMTD, TUADS, Nomersan, Thylate, 
Naugets, etc. Its chemical name is Tetramethylthiuram disulphide, 
and the empirical formula is C^H-^^S^. It is a derivative of 
dithiocarbamic acid, introduced as an organic fungicide by the 
E. I. DuPont Company. Arasan 75 contains 75 per cent of active 
fungicidal ingredient. 
d. Terraclor. Its common name is Terraclor, and it is known 
under various commercial names such as FNCB, Tilcarex, Folosan, 
Brassicol, etc. The chemical name is Pentachloronitrobenzenej the 
empirical formula is C^CI^NOg. This fungicide was developed and 
introduced by the Olin Mathieson Chemical Company, the active 
fungicidal ingredient per cent varies from 10 to 75 (Sharvelle, 
I960). 
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Fungi 
The fungi used in this experiment were Pythium debaryanum, 
Rhizoctonia solanl, and Fusarium solani. The cultures of the fungi 
were purchased from the American Type Culture, 2112m. Street, N.W., 
Washington 7, D. C. 
Pots 
For the experiment three hundred clay pots, four inches diame­
ter, were required. 
II. PROCEDURE 
Seed Viability Test 
To determine the viability of the seed of the species used, 
cutting, flotation, and hammer tests were used, and the results are 
summarized in Table I. 
a0 Cutting tests One hundred seeds of each of the three spec­
ies, i.e., ponderosa pine, Douglas-fir and Colorado blue spruce, 
were tested. The test was made by cutting the seeds in cross 
sections with a razor blade, seeds having whitish or cream-colored 
kernels were considered viable seeds. 
b. Flotation tests One hundred seeds of each of the three 
species were dipped in pure ethyl alcohol. The seeds which floated 
were counted and recorded as unviable. 
c. Hammer tests One hundred seeds of each of the three species 
were tested separately by crushing them on a dry clean paper. 
Seeds which left oily marks were considered sound seeds (Baldwin, 
Ik 
19325 Read, 1932). 
Soil Sterilization 
The soil was slightly moistened with water, thoroughly mixed, 
and then put in an iron pan 18 inches in diameter and 10 inches deep. 
The container was put in the autoclave for four hours under a temper­
ature of 2ij.0° F. and If? pounds per square inch pressure. 
Seed Stratification 
The widely used method of breaking dormancy is to expose the 
seed to abundant moisture and adequate oxygen between a temperature 
range of about 32° to 1ft0 F. for a period of one to four months. 
Seed of ponderosa pine and Douglas-fir were mixed separately 
with clean screened sand and placed in tin cans (6 inches in diameter 
and 8 inches deep). Several holes were made in the bottom of each can 
for drainage of the excess moisture. Seed of Colorado blue spruce 
were put in small cloth sacks 2x2 inches in size. The sacks were 
placed between layers of moist sand in a tin can of the above size 
with several holes in the bottom. The containers were kept in the 
cooler in the greenhouse of the School of Forestry for a period of six 
weeks under a temperature range of 38° to 1*0° F. Water was added to 
the medium as needed to keep it moist during the period of storage. 
At the end of the period, the seed were separated from the medium by 
screening. 
Treatment of the Seed W.th the Fungicides 
The stratified seed of ponderosa pine were divided into five 
equal lots. Four of these were treated, one each with Captan f>0, 
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Captan 75, Arasan 75, and Terraclor, respectively, and the fifth lot 
was left without treatment for control. 
To treat a seed lot with a fungicide, it was weighed and soaked 
in water at room temperature for five minutes. The excess water was 
drained through a filter paper and the seed were put in a glass beaker. 
The required amount of the fungicide, which has been calculated in pro-
1 
portion to the dry weight of the seed lot, was added. The beaker was 
shaken until all the seed were coated evenly with the fungicide. 
The same procedure was repeated for treatment of Douglas-fir and 
Colorado blue spruce seed. The treated seed were put in paper sacks 
separately and were sown after 8 to 10 hours. 
Sowing the Seed 
Three hundred clay pots were filled with the sterilized soil to 
a level of about one inch below the upper edge of the pots. A piece of 
broken clay pot was placed in a convex position over the bottom hole of 
each pot to prevent plugging of the hole. 
There were four replications for each treatment including the 
controls. The pots were arranged in groups of four in three blocks of 
five rows and five columns. Each block was sown with seed of one 
species and each column, within the block, with seed treated with one 
of the fungicides. A total of four hundred seeds for each treatment, 
^Neither in the instruction given by the fungicide manufacturers, 
nor in the guiding books for fungicides application are there any speci­
fic rates recommended for the seed treatment of forest tree species for 
controlling damping-off. Therefore, the manufacturer recommendation was 
followed in respect of controlling damping-off in species with approxi­
mately the same size of seed as involved in the experiment. Table II 
shows the rates of application of the fungicides. 
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including the controls, were sown in twenty pots (twenty seeds in each). 
The seed was covered with a l/8 to l/U inch thick layer of sterilized 
soil. 
Inoculum Preparation 
Each fungus was cultured separately in potato medium in a £00 ml. 
flask and kept in the Plant Pathology Laboratory for approximately one 
month. On March 1, 1963, one thousand ml. of distilled water was added 
to the culture of each fungus and mixed thoroughly with an electric 
mixer. The mixer was washed with disinfectant after every mixing proce­
dure to avoid mixing between the fungi. After mixing, the inoculums 
were kept in sterilized jars separately and used the next day. 
Inoculation 
Immediately after the first watering, each pot, excluding the 
controls, received 5 ml. of an inoculum. A titration pipe was used for 
measuring the inoculums, and washed with disinfectant after each opera­
tion. The first row of pots in each block (from the top) was inoculated 
with the fungus Pythium debaryanum, the second row with Rhizoctonia 
solani, the third row with Fusarium solani, the fourth row with the 
mixture of all the three fungi prepared by mixing equal sizes of each 
inoculum, and the fifth row was not inoculated for the purpose of con­
trol. The same procedure was repeated after the second and the third 
watering, during the first day, raising the total amount of inoculum 
received by each pot to 15 ml. excluding the controls. To avoid contam­
ination of the control pots by the fungi at the time of inoculation, 
they were covered with clean paper. 
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By March 3, 1963, all the seed were sown, the soil was inoculated, 
and the temperature of the greenhouse was set at 80° F„ Each pot was 
labelled, indicating the species, the fungus treatment, and the fungi­
cide treatment. The pots were placed on two concrete benches, 1*0" x 
112" and 2kn above the floor, located at the center of the greenhouse. 
The benches were washed with disinfectant in advance, and each one was 
divided into l%k sections (22 columns in 7 rows). The three hundred 
pots were randomly distributed on the two benches, 13>1* pots on one and 
ll*6 pots on the otherj a photograph on page 1*7 shows their situation. 
The pots were watered regularly three times a day until germin­
ation passed its peak, and twice a day thereafter. A fine spray was 
used for watering to avoid disturbance of the soil and possibility of 
fungi transfer from one pot to the others. 
Collection of Data 
Throughout the period of the experiment a close observation was 
maintained. Every pot was checked at two-day intervals, for germina­
tion and damping-off signs. Germination started on March 10, 1963, in 
Douglas-fir seed, followed by ponderosa pine and then Colorado blue 
spruce. A seed was recorded as being germinated when the seedling 
emerged from the soil surface0 The results are summarized in Table 
IH. 
Seedlings damped-off were recorded from germination until the 
end of the experimental period. The first sign of normal damping-off 
was noticed on March 19, 1963, on a ponderosa pine, a control with no 
fungicide treatment. The number of seedlings damped-off is summarized 
in Table VII. 
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Analysis of Data 
The data collected during the experimental period were subjected 
to statistical analysis to determine the significance of the effect of 
the treatments on both pre-emergence and post-emergence damping-off« 
The analysis of variance was applied to the data in Table III 
to determine the effect of the treatments on pre-emergence damping-off„ 
The factors, fungi, fungicides^ species and their interactions were 
tested, and the results summarized in Table I7„ 
Furthermore., to determine the significant differences between 
the means of the species and differences "between the means of the fungi­
cide treatments, the Duncan's Multiple Range Test was applied and the 
results are summarized in Tables VII and VIII„ 
To determine the significant effects of the treatments on post-
emergence damping-offs the data of seedling survival in Table X were 
subjected to the analysis of variance,. For this purpose the original 
data had to be transformed in order to avoid the influence of the un­
equal numbers of the original seedlings in all of the treatments<> 
According to Steel and Torrie (i960) and Senedecor (i960), this can 
be accomplished by converting the data to percentages (per cent of 
seedling survival from the original number of seeds germinated in each 
treatment). The results of these calculations are in Table XIII0 The 
percentages were transformed to the arc sins using the tables prepared 
for this purpose. The analysis of variance was applied to the trans­
formed data in Table XIV, and the factors., species, fungi, fungicides, 
and their interactions, were tested,. The results are summarized in 
Table XV 0 
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The Duncan's Multiple Range Test was applied to the results of 
the analysis of variance in order to determine the significant differ­
ences between means of the species and differences between means of 
the fungicide treatments. The results are shown in Tables XVI and 
XVII. 
The interaction of the fungicide treatments with the species 
is significant as indicated in Table XV. In order to find out what 
caused the interaction, the data in Table XI were plotted (see Graph 
No. I). 
CHAPTER I? 
RESULTS AND DISCUSSION 
I. RESULTS 
Damping-off is classified according to two major typess pre-
emergence damping-off or germination loss, and post-emergence or normal 
damping-off (Hartly, Merrill, and Rhoads, 1918$ Foster, 1959). There­
fore, the results of the experiment will be summarized under these two 
categories. 
Pre-emergence Damping-off' 
In general the disease reduced the germination of the untreated 
seed (the controls) of all the species. The germination per cent is 
always higher under the fungicide treatments than in the controls. 
Table IV shows that the germination per cent of ponderosa pine increased 
from 67.0 in the control to 87.7 in the seed treated with Captan 75. 
Douglas-fir seed increased from 51.7 in the control to 67.0 in the seed 
treated with Terraclor, and Colorado blue spruce seed increased from 
62.2 in the control to 7U«5 in the seed treated with Terraclor or 
Captan 75. 
Results of the analysis of variance show that there are signi­
ficant differences between germination per cent of the three species. 
Douglas-fir seed had a lower germination percentage than both ponderosa 
pine and Colorado blue spruce. Colorado blue spruce had lower germina­
tion percentages than ponderosa pine. 
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The analysis of variance also shows that the fungicide treat­
ments were highly significant! they resulted in higher germination 
percentages than the controls. Furthermore, the Duncan's Multiple 
Range Test showed that there are significant differences between con­
trol and all the fungicide treatments. There were no significant 
differences between the treatments, indicating that all the fungi­
cides have similar effect on pre-emergence damping-off. 
Post-emergenc e Damping-off 
As it is indicated in Table XI, the percentage of seedling 
survival under different fungicide treatments varied. Generally, it 
is higher in the treated seed than in the control, regardless of the 
fungus causing the disease. The survival of ponderosa pine seedlings 
increased from 79.1 per cent in the control to 96.8 per cent in the 
Captan 75 treatment. Douglas-fir and Colorado blue spruce seedling 
survival increased from 1*8.3 per cent and 79.9 per cent in the controls 
to 95.2 per cent and 9k.1* per cent, respectively, in Terraclor treat­
ments. 
The analysis of variance applied to the number of seedlings 
surviving at the end of the experimental period showed that the species 
and the fungicide treatment results were highly significant. The inter­
action of the species with the fungicide was significant, Table XV. 
Douglas-fir had a lower per cent of seedling survival than both 
ponderosa pine and Colorado blue spruce under all of the fungicide 
treatments (see Table XVI). Douglas-fir seedlings showed more suscepti­
bility to the disease than the seedlings of ponderosa pine and Colorado 
blue spruce (Tint, 19li5)» 
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All the fungicide treatments resulted in higher seedling sur­
vival than the seed which received no treatments. There were also 
significant differences between the effectiveness of different fungi­
cide treatments. Terraclor and Arasan 75 treatments resulted in a 
higher percentage of seedling survival than Captan 50 and Captan 75. 
Table XVII shows the comparison between the fungicide treatments. 
No significant differences were found between the different 
fungi treatments, since they were all capable of causing losses. A 
considerable number of seedlings of all the species damped off in the 
control pots (no fungus treatment), resulting primarily from contamin­
ation by air-born spores. 
II. DISCUSSION 
All fungicides tested were equally effective in protecting the 
seed from fungi invasion during the period of germination. Therefore, 
no significant differences were found between their effect on pre-
emergence damping-off. 
In post-emergence damping-off, although all of the fungicides 
were effective against the disease, they varied in their effectiveness. 
This is probably due to the time factor. The most effective fungicide 
is probably the one that's effect lasts for a longer period, protecting 
the seedling from fungus infection for a longer time. The least effect­
ive is the one which loses its power early, leaving the seedlings sub­
ject to fungus infection. 
Variation in germination percentage of the three species under 
similar treatments is probably due to the variation in their germination 
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capacity. Douglas-fir had lower germination percentage than the other 
two species because it has lower germination capacity as indicated by 
the viability tests, Table I. Colorado blue spruce had lower germina­
tion per cent because it seems to be more susceptible to fungi infection 
than ponderosa pine (Gravatt, 1931). 
There were no significant differences between the fungus treat­
ments and the controls because of contamination of the controls with 
the fungus. 
The interaction of the species with the fungicides was signifi­
cant in post-emergence damping-off. Graph Wo. I indicates that the 
interaction is the result of Douglas-fir seedlings being more suscept­
ible than the other two species^ and the effect of (T) treatment 
(Terraclor) in controlling damping-off of Douglas-fir seedlings. 
CHAPTER V 
CONCLUSIONS 
From the results of the statistical analysis of the data collect-
ed throughout the experimental period* application of the fungicides 
Captan 50, Captan 75» Arasan 75 and Terraclor proved to be effective in 
controlling damping-off of ponderosa pine, Douglas-fir, and Colorado 
blue spruce seedlings. 
Seed treated with any of the fungicides resulted in higher germ­
ination per cent than untreated seed. Germination loss, which is mainly 
from seed decay and radical destruction caused by fungi infection, has 
been reduced considerably as an effect of the seed treatments. All the 
fungicides were equally effective in controlling pre-emergence damping-
off. 
Post-emergence damping-off was reduced by a statistically signi­
ficant margin. Seed treated with any of the fungicides resulted in a 
higher percentage of seedling survival than untreated seed. In general, 
all the fungicides tested were effective in controlling post-emergence 
damping-off but they varied in degree of effectiveness. Terraclor was 
found to be the most effective, followed by Arasan 75 and Captan 75? 
Captan 50 was found to be the least effective. 
Douglas-fir and Colorado blue spruce were subject to germination 
loss (pre-emergence damping-off) more than ponderosa pine. Douglas-fir 
seedlings were subject to post-emergence damping-off more than ponderosa 
2h 
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pine and Colorado blue spruce seedlings. 
Fungi rythium debaiyanum, Rhizoctonia solani, and Fusarium 
solani were equally capable of causing damping-off in the seedbeds of 
the species tested, 
Rec ommendations 
1. There is no specific rate of application for any of the fungi­
cides tested. Therefores further studies in applying the 
fungicides at different concentrations are recommended to 
determine the proper rate of application for each fungicide. 
2, Damping-off occurred in the control pots (no fungus treatments) 
and this is believed to be partly due to contamination by air-
born spores and partly due to contamination from handling the 
tools in the greenhouse, especially the hose used in watering. 
The tooth-picks used for narking seed germination provided a 
means for transferring fungi from the soil to the upper parts 
of the seedlings. Therefore, in future experiments these 
points must be highly regarded and proper methods to be used 
to avoid contamination of the controls. 
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TABLE I 
RESULTS CF THE VIABILITY TESTS OF THE THREE SPECIES 
Viability per cent 
Methods ——— —— 
Ponderosa pine Douglas-fir Blue spruce 
Flotation 80 62 90 
Cutting test 86 80 —* 
Hammer test 80 6It 80 
*The cutting test was not applied to the Colorado blue spruce 
because of the small size of the seeds. 
TABLE II 
RATES OF APPLICATION OF THE FUNGICIDES USED IN THE EXPERIMENT 
Fungicides The rates of application 
Captan 50 5 ozs./lOO lbs. of seed 
Captan 75 h ozs./lOO lbs.of seed 
Arasan 75 h ozs./lOO lbs. of seed 
Terraclor 2 ozs./lOO lbs. of seed 
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TABLE III 
TOTAL NUMBER OF SEEDS GERMINATED UNDER 
DIFFERENT FUNGI AND FUNGICIDES TREATMENTS* 
Species 
Ponderosa 
pine 
Douglas-
fir 
Fungi 
Fungicides'55* 
N 0 
Colorado 
blue spruce 
TOTAL 889 915 870 902 721* 
Total 
lythium 69 70 62 71 1*7 319 
Rhizoctonia 72 68 69 66 58 333 
Fusarium 63 76 63 70 1*9 321 
Combination 77 67 62 62 1*7 315 
Control 69 70 65 67 67 338 
Total 350 351 321 336 268 1626 
Pythium 1*7 50 1*7 53 1*1 238 
Rhizoctonia 1*8 55 51* 52 38 21*7 
Fusarium 50 5l 57 53 1*1* 255 
Combination 59 50 1*8 55 39 25l 
Control 52 60 50 55 1*5 262 
Total 256 266 256 268 20? 1253 
lythium 55 58 63 63 1*9 288 
Rhizoctonia 63 70 56 59 1*9 297 
Fusarium 58 59 60 56 52 285 
Combination 51* 56 55 59 1*9 273 
Control 53 55 59 61 50 278 
Total 283 298 293 298 21*9 11*21 
1*300 
Each number is the total of four replications. 
*Fungicidess C - Captan 50, N - Captan 75, A - Arasan, 
T - Terraclor, and 0 - Control. 
3k 
TABLE TV 
GERMINATION PER CENTS OF THE THREE SPECIES UNDER DIFFERENT 
FUNGICIDE TREATMENTS REGARDLESS CP THE FUNGI 
Species Fungicides'* 
C N A T 0 
Ponderosa pine 85oO 87.7 80.2 81*.0 67.0 
Douglas-fir 61*.0 66.5 6U.0 67.0 5l»7 
Colorado blue spruce 70.7 7l*.5 73.2 7l*.5 62.2 
*Fungicidess C - Captan %Os N - Captan 75, A - Arasan, 
T - Terraclors and 0 - Control„ 
TABLE V 
GERMINATION PER CENT OF THE THREE SPECIES UNDER DIFFERENT 
FUNGI TREATMMTS REGARDLESS OF THE FUNGICIDES 
Species 
Fungi* 
Pyth. RhizOo Fusa. Comb. Cont, 
Ponderosa pine 79.7 83.2 80.2 78.7 81*.5 
Douglas-fir 59.5 61.7 63.7 62.7 65.1* 
Colorado blue spruce 72.0 7U.2 71o2 68.2 69.5 
%ungis Rrthlum debaiyanum,, Rhizoctonia solani, Fusarium 
solani, combination of all, and control. 
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TABLE VI 
TABLE OF THE ANALYSIS OF VARIANCE FOR PRE-MERGMCE 
DAMPING-OFF OR GERMINATION LOSS1 
Categories SS D.F. Variance Fsm. F 
Total 5680.70 7b 
Species 2791.7k 2 1395.87 7l*.5 1*.9** 
Fungicides 1615.10 b 1*03.77 21.6 3.6**" 
Error 1273.86 68 18.73 
^Significant at the 1% level of probability. 
^All non-significant factors and interactions pooled and added 
to the error term. 
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TABLE 711 
DUNCAN'S MULTIPLE RANGE TEST FCR COMPARISON BETWEEN 
GERMINATION OF THE THREE SPECIES 
1/ lB.72/5* 
0.865 
P. value 2 
SSR 2.83 2.98 
LSR 2.1*5 2.58 
The means Ponderosa pine Douglas-fir Colorado blue spruce 
65.1* 50.1 56.8 
The differences between the means 
Douglas-fir Blue spruce Ponderosa pine 
50.1 56.8 65.1* 
50.1 — 6.7* 15.3* 
56.8 — 8.6* 
65.1* 
*There are significant differences between the means of 
Douglas-fir and Colorado blue spruce^ at 5$ level of probability. 
There are significant differences between the means of 
Colorado blue spruce and ponderosa pine at the level of prob­
ability . 
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TABLE VIII 
HINCM'S MULTIPLE RANGE TEST FOR CCMPARIS® BETWEEN THE 
EFFECT OF THE FUNGICIDES ON PRE-EMERGENCE DAMPING-OFF 
X - / 18.72/15 
1.125 
P. value 2 3 1* 5 
S S R 2.83 2.93 3.03 3.lit 
L S R 3.19 3.36 3.1*7 3.53 
The means C N A T 0 
59.26 61.00 58.00 60.13 1*8.26 
The differences between the means 
0 A C T N 
1*8.26 58.00 59.26 60.13 61.00 
1*8.26 9o7l*" 11.00* 11.87* 12.71** 
58.00 1.26 2.13 3.00 
59.26 0.87 1.71* 
60.13 eoooci 0.87 
61.00 
There are significant differences between the control and 
any of the fungicide treatments at the level of probability. 
No significant differences between the fungicide treatments. 
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TABLE IX 
NUMBER OF SEEDLINGS DAMPED OFF IN FOUR REPLICATIONS DURING 
THE PERIOD CF THE EXPERIMENT 
Species Fungi 
Fungicides* 
Total 
C N A T 0 
fythium 2 2 0 0 13 17 
Rhizoctonia 2 2 h 0 15 23 
Ponderosa Fusarium 1 1 3 7 7 19 
pine 
Combination 7 6 3 6 16 38 
Control 6 0 1 3 JL 15 
Total 18 11 11 16 56 112 
lythiura 15 11 18 2 23 69 
Rhizoctonia 16 12 1 0 2k 53 
Douglas-fir Fusarium 18 13 6 k 19 60 
Combination 11 10 7 0 20 1*8 
Control _5_ 17 12 7 21 62 
Total 65 63 lil* 13 107 292 
Pythium 9 6 3 2 9 29 
Rhizoctonia 2 1 k 2 11 20 
Colorado Fusarium 10 2 2 6 15 35 
blue spruce 
Combination 6 8 5 7 8 3h 
Control 3 8 3 0 7 21 
Total 30 25 17 17 5o 139 
TOTAL 113 99 72 U6 216 51*3 
"^The fungicides? C - Captan 50, A - Arasan, 0 - Control 
N - Captan 75> T - Terraclor 
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TABLE X 
NUMBER CF SEEDLINGS SURVIVED IN FOUR REPLICATIONS AT THE 
END OF THE EXPERIMENT 
Species Fungi 
C N 
•A. UiJ.gO.VJ.UVO 
A T 0 Total 
pythium 67 68 62 71 31* 302 
Rhizoctonia 70 66 65 66 1*3 310 
Ponderosa Fusarium 62 75 60 63 1*2 302 
pine 
61 59 56 Combination 70 31 277 
Control 63 70 61* 61* 62 323 
Total 332 31*0 310 320 212 1511* 
pythium 32 39 29 51 18 169 
Rhizoctonia 32 1*3 53 52 ll* 191* 
Douglas-fir Fusarium 32 38 51 1*9 25 195 
Combination 1*8 1*0 1*1 55 19 203 
Control 1*7 1*3 38 1*8 21* 200 
Total 191 203 212 255 100 961 
pythium 1*6 52 60 61 1*0 259 
Rhizoctonia 6l 69 52 57 38 277 
Colorado Fusarium 1*8 57 58 50 37 250 
blue spruce 
1*8 1*8 Combination 50 52 1*1 239 
Control 50 1*7 56 61 1*3 257 
Total 253 273 276 281 199 1282 
TOTAL 776 816 798 856 511 3757 
*The fungicides? C - Oaptan 50, A - Arasan, 0 - Control 
N - Captan 75, T - Terraclor 
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TABLE XI 
PER CENT CF SEEDLING SURVIVAL OF THE THREE SPECIES UNDER 
DIFFERENT FUNGICIDES TREATMENTS REGARDLESS OF THE FUNGI 
Fungicides* 
Species C N A T 0 
Ponderosa pine 9l*.9 96.8 96.5 95*2 79.1 
Douglas-fir 7k.6 76.3 81.2 95.2 1*8,3 
Colorado blue spruce 89.1* 91.6 9l*«2 9l*.l* 79.9 
*The fungicides; C - Captan 50, A - Arasan, 0 - Control 
N - Captan 75, T - Terraclor 
TABLE XII 
PER CENT OF SEEDLING SURVIVAL OF THE THREE SPECIES UNDER 
DIFFERENT FUNGI TREATMENTS REGARDLESS CF THE FUNGICIDES 
Fungi** 
Species 
Pythium Rhizoctania Fusarium Comb. Cont, 
Ponderosa pine 91*.5 93.1* 91*.1 87.9 95.6 
Douglas-fir 71.0 78.5 76.1* 81 „1 76.3 
Colorado blue spruce 86.8 93.2 87.7 87.5 92.5 
"^The Fungis Fythium debaryanum, Rhizoctonia solani, Fusarium 
solani, combination of all the three, and control. 
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TABLE XIII 
PER CENT CF SEEDLING SURVIVAL FRCM THE CRIGINAL NUMBER 
OF SEEDS GERMINATED 
Species fungi 
Fungicides .* 
C N A T 0 
lythium 97.0 97.1 100 oO 100.0 72.3 
Rhizoctonia 97.2 97.1 9l*o2 100 o0 7U.1 
Fusarium 98.1* 98.7 95.2 90.0 85.7 
Combination 90.9 91.0 95.2 90.3 66.0 
Control 91.3 100 o0 98.5 95.5 92.5 
Ponderosa 
pine 
Fythium 68.1 78.0 61.5 96.2 1*3.9 
Rhizoctonia 66.7 78.2 98.1 100.0 36.8 
Douglas-fir Fusarium 61*. 0 7U.6 89.5 92.1* 56.8 
Combination 8l.U 80.0 85.1* 100.0 1*8.7 
Control 90.1* 71.7 76.0 87.3 53.3 
Pythium 83.6 89.7 95.2 96.8 81.6 
Rhizoctonia 96.8 98.6 92.9 96.6 77.6 
Colorado Fusarium 82.8 96.6 96.7 89.3 71.1 
blue spruce 
Combination 88.9 85.7 90.9 88.1 83.7 
Control 9l*.3 85.5 91*.9 100.0 86.0 
*The fungicidess C -- Captan 50, A - Arasan, 0 - Control 
N • - Captan 75s T •= Terraclor. 
hz 
TABLE XIV 
THE PER CENT OF SEEDLING SURVIVAL TRANSFORMED TO THE ARCSIN 
Fungicides 
Species Fungi 
C N A T 0 
Total 
Pythium 80o0 80.2 90.0 90.0 58.2 398.lt 
Rhizoctonia 8o.lt 80.2 76.1 90.0 59.lt 386.1 
Ponderosa Fusarium 82.7 83.5 77.3 71.6 67.8 382.9 
pine 
Combination 72oU 72.6 77.3 71.9 5it.3 3U8.5 
Control 72.8 90.0 83.0 77.8 7lt.l 397.7 
Total 388.3 It06.5 1*03.7 It 01.3 313.8 1913.6 
lythium 55.6 62.0 51.7 78.6 ltl.5 289.lt 
Rhizoctonia 5U.8 62.1 82.1 90.0 37.lt 326 olt 
Douglas-fir Fusarium 53.1 59.8 71.1 7it.O 1*8.9 306.9 
Combination 61t.5 63 c It 67.lt 90.0 ltlt.2 329.5 
Control 72.0 57.9 60.7 69.1 1(6.9 30606 
Total 300.0 305.2 333.0 U01.7 218.9 1558.8 
Pythium 66.1 71.3 77.3 79.7 6U.6 359.0 
Rhizoctonia 79.7 83.2 7lt.6 79.lt 61.8 378.7 
Colorado Fusarium 65.5 79.lt 79.5 70.9 57.5 352.8 
blue spruce 
Combination 70.5 67.8 72.lt 69.8 66.2 3I16.7 
Control 76.2 67.6 76.9 90.0 68.0 378.7 
Total 358 oO 369.3 380.7 389.8 318.1 1815.9 
TOTAL 10i»6.3 1081.0 1117.8 1192.8 850.8 5288.3 
*The fungicidess C - Captan 50, A - Arasan, 0 - Control, 
N - Captan 75, T - Terraclor, 
1+3 
TABLE XV 
TABLE OF THE ANALYSIS OF VARIANCE FOR SEEDLING SURVIVAL, 
OR POST -EMERGENC E DAMPING-OFF1 
Categories SS IF Variance F.sam. F $% 
Total 1091*0.38 7l+ 
Species 2687.19 2 131*3.59 27.1+6** 3.15 
Fungicides 1+353.08 1+ 1088.2? 22.21+** 2.52 
Spp. x Fungicides 96hoh9 8 120.56 2.1+6* 2.10 
Error 2935.62 60 1+2.93 
**Highly significant at the 1% level of probability,, 
•^Significant at the level of probability. 
•'-All non-significant factors and interactions are pooled and 
added to the error term. 
1*1* 
TABLE XVI 
DUNCAN'S MULTIPLE RANGE TEST FOR COMPARISCN BETWEEN 
SEEDLINGS SURVIVAL OF THE THREE SPECIES 
I « I ua.93/25 
1.1*0 
P. value 2 3 
S S R 2.83 2.98 
L S R 3.96 U.17 
The means Ponderosa pine Douglas-fir Blue spruce 
76.51+ 62.35 72.61* 
The differences between the means 
Douglas-fir Blue spruce Ponderosa pine 
62.35 72.61* 76.51* 
62.35 — 9.29* 11*.19* 
72.71* — 3.90 
76.51* 
*1. There are significant differences between the means 
of Douglas-fir and Colorado blue spruce at 5$ level 
of probability. 
2. There are significant differences between the means 
of Douglas-fir and ponderosa pine at %% level of 
probabilityo 
U5 
TABLE XVII 
DUNCAN'S MULTIPLE RANGE TEST FOR COMPARISCN BETWEEN THE 
EFFECT OF THE FUNGICIDES ON SEEDLINGS SURVIVAL 
X - / 1*8.93/25 
« 1.U0 
P. value 2 3 h 5 
S S R 2.83 2.98 3.03 3.1U 
L s R 5.12 5.39 5.58 5.68 
The means C N A T 0 
69.7 72.1 7^.5 79.5 65.7 
The differences between the means 
0 C N A T 
56.7 69.7 72.1 7U.5 79.5 
56.7 __ 13.0* 15. U* 17.8* 22.8* 
69.7 __ 2.1* It.8 9.8* 
72.1 2.1* 7.U* 
7U.5 eooo 5.0 
79.5 
*1. There are significant differences between the control 
and any of the treatments at the level of probability. 
2. There are significant differences between the treatment 
T and Treatment C$ and treatment T and treatment N at 
the 5# level of probability. 
1*6 
1*0 -
30 
FIGURE 1 
A GRAPH ILLUSTRATES THE INTERACTION OF FUNGICIDES TREATMENT 
WITH THE SPECIES 
FIGURE 2 
A PHOTOGRAPH SHOWS THE POTS SITUATION ON THE BENCHES 
